SUMMARY -Th e prevalence, type and etiology of dental and soft tissue injuries and relationship between the time of arrival and sustaining soft tissue injury were analyzed in this retrospective study conducted at the Department of Pediatric Dentistry, University Dental Clinic in Zagreb, Croatia, during the 2010-2014 period using documentation on 447 patients (264 male and 183 female) aged 1-16 years with injuries of primary and permanent teeth. Th e highest prevalence of traumatic dental injury (TDI) was found in the 7-12 age group and maxillary central incisors were most frequently aff ected (80.9%) in both primary and permanent dentitions. Enamel-dentin fracture without pulp exposure (31.9%) was the most common TDI of dental hard tissue in both dentitions, whereas subluxation (27.3%) was the most common periodontal tissue injury type. Th e most frequent location, cause and seasonal variation of trauma were at home, falling and spring. Soft tissue injuries were observed in 203 (45.4%) patients. Soft tissue injuries were less likely when fewer teeth were traumatized (p<0.001). Comparison of children with and without soft tissue injuries yielded a statistically signifi cant diff erence in the time to arrival between primary and permanent teeth (p<0.01). Because soft tissue injuries include bleeding and clinical presentation appears more dramatic, the time elapsed between injury and initial treatment was shorter than in non-bleeding injuries, pointing to the need of education focused on parents and school teachers regarding the importance of immediate therapy for both bleeding and non-bleeding TDIs.
Introduction
Orofacial injuries cause pain, as well as aesthetic, psychological, behavioral and functional problems among children with traumatized primary and permanent dentition [1] [2] [3] [4] . Traumatic dental injuries (TDI) are surpassing dental caries and periodontal disease to become the major threat to young people's dental health 1, 5, 6 . Although oral area makes only 1% of human body, oral tissue injuries are the sixth most common body injuries 7 . Studies have shown that 35%-50% of children have sustained traumatic injuries of primary and permanent dentition 8, 9 . Th e reviewed literature shows that males aged 10-12 years experience dental trauma most often, and the majority of trauma (71%-92%) occur before the age of 19 10 . Maxillary central incisors usually are the teeth that are most aff ected in both types of dentition. Recent studies have shown a reduction in gender diff erence due to the characteristics of Western society 11 . Generally, TDI in children and adolescents is associated with damage to the oral soft tissue (lips, tongue and gingiva). Oral soft tissue injuries connected to TDI are present in nearly half of all dental trauma patients 12, 13 . Glendor 11 presents four reasons why TDI is a public dental health problem. Because there are no recent studies of the prevalence of TDI in children in Zagreb, Croatia, the aim of this study was to analyze the prevalence, type and etiology of dental and soft tissue injuries. Furthermore, the study demonstrated the connection between TDI and soft tissue injuries and examined the relationship between the time of arrival and presence of soft tissue injury.
Materials and Methods
Th is retrospective study was conducted at the Department of Pediatric Dentistry, University Dental Clinic in Zagreb, Croatia, using documentation on 447 patients (264 male and 183 female) aged 1-16 years with injuries to primary and permanent teeth between February 2010 and January 2014. Charts with incomplete medical information were excluded from analysis. Information from trauma charts was organized by age, gender, place and source of trauma, hour and season of trauma, interval between injury and treatment, number of traumatized teeth, injured teeth, type of trauma, and soft tissue injuries. Radiographs were also used to classify hard and periodontal tissue damage. Th e type of trauma was classifi ed according to Andreasen and Andreasen 14 classifi cation, as follows: • injuries to the hard tissue and the pulp: enamel fracture, enamel-dentin fracture without pulp exposure, enamel-dentin fracture with pulp exposure, crown-root fracture, root fracture and alveolar fracture; and • injuries to the periodontal tissue: concussion, subluxation, displacement, intrusion, extrusion and avulsion. Soft tissue injuries were divided into upper and lower lip, tongue, gingival, and lip and gingiva injuries. Dental injuries of primary and permanent dentitions were analyzed separately in three age groups (1-6, 7-12, and 13-16). TDI was classifi ed according to the most serious damage if a specifi c tooth had more than one type of injury.
Ethical approval for this study was obtained from the Ethics Committee of the School of Dental Medicine, University of Zagreb, Croatia.
Statistical analysis was performed using descriptive statistics and Pearson's c 2 -test using Predictive Analytics software (PASW) for Windows version 17.0 (SPSS Inc., Chicago, IL, USA). Th e level of signifi cance was set at 5%.
Results
Of the 447 patients attending the University Dental Clinic in Zagreb, there were 59.1% of male and 40.9% of female patients, yielding a 1.5:1 male to female ratio. Patient age ranged from 1 to 16 years (mean ± SD = 8.2±3.8 years). Th e highest prevalence of TDI was found in the 7-to 12-year age interval (Fig. 1) . Trauma was seen in 217 primary and 542 permanent teeth, in total 759 analyzed teeth. Th us, the number of injured primary teeth was 1.69 per child, and the number of injured permanent teeth was 1.7 per child. Th e most frequently aff ected primary teeth were maxillary central incisors (81.1%), followed by maxillary lateral incisors (15.6%). Th e most frequently aff ected permanent teeth were maxillary central incisors (80.9%), followed by maxillary lateral incisors (11.9%). In both groups, the left side was more aff ected than the right side, and mandibular teeth were less aff ected than maxillary teeth.
Th e most commonly observed TDI of the dental hard tissue and pulp in both primary and permanent dentitions was enamel-dentin fracture without pulp exposure (31.9%), followed by enamel-dentin fracture with pulp exposure (18.2%) and enamel fracture (11.1%). Analyzing periodontal tissue injury in both types of dentition, subluxation was the most common type (27.3%). Far behind subluxation were avulsion (8.2%) and intrusion (8.0%). Th e types of dental and periodontal injuries were found to be highly signifi -
Fig. 1. Distribution of traumatic dental injuries according to age and gender.
cantly associated with age (c 2 =187.267, c 2 =127.659, df=10; p<0.001) ( Table 1) .
Among diff erent age groups, falls were the most frequent cause of TDI (52.1%: 35.6% at home, 24% at school and 15.6% in sports), followed by collisions with objects (17.9%: 33.7% in sports, 31.2% at school and 22.5% at home) and bicycle/rolling accidents (9.6%: 51.2% free time, 27.9% in sports and 18.6% at home). Th e rarest cause was violence (only 2%). Diff erences in the distribution of the location and cause of accidents were highly signifi cant (p<0.001).
Traumatic dental injuries occurred primarily in spring (n=123; 27.5%), followed by autumn (n=121; 27.1%), summer (n=104; 23.3%) and winter (n=99; 22.1%). Diff erences were observed in the distribution of seasonal accidents between the genders. Males were injured more often in autumn, and females were injured more often in spring (p<0.05). Th e results also showed diff erences in the distribution between diff erent age groups and seasons. Children aged 1-6 experienced TDIs in spring and summer (39 cases), whereas children aged 7-16 experienced TDIs in autumn (88 cases) (p<0.05).
Th e majority of children with primary and permanent teeth had TDIs between 4 p.m. and 7 p.m.
Of the 447 patients that received treatment for TDIs, 203 (45.4%) also had soft tissue injuries. Distribution of soft tissue injuries by gender (113 males and 80 females) was not statistically signifi cant (p=0.351). Of the overall number of patients with soft tissue injuries, 71 were preschoolers, and 132 were aged 7-16 years. Th e highest percentage of preschoolers had soft tissue injures at the age of 2 (25.4%), and the highest percentage of school-age children had soft tissue injuries at the age of 9 (19.7%). Soft tissue injuries were less likely when a smaller number of teeth were traumatized (p<0.001). Multiple dental injuries (2 teeth 66.7%, 3 teeth 17.4%, 4 teeth 12.1% and more than 4 teeth 3.8%) were found in 65% of the patients with soft tissue injuries, while 35% of patients had only one traumatized tooth. Of the total number of children, 25.7% had an injury to the upper lip, 9.8% had an injury to the upper lip and gingiva, 9.6% had injured gingiva, and only one patient (0.2%) had a tongue injury. Table 2 shows distribution of periodontal and dental hard tissue injuries to soft tissue injuries (p<0.001).
Th e time elapsed between TDIs and initial treatment indicated that 33.6% of the children sought treatment within 1-7 days, and 28.9% sought treatment in 2-24 hours. In the group of children with an injured primary tooth, most of them (32%) received treatment within 2-24 hours, and 34.5% of the children with permanent teeth received treatment in 1-7 
Discussion
Th is research was conducted because there are no data on previous studies of dental trauma to primary and permanent teeth and soft tissue injuries in Croatia. Th e only published study similar to the present one was conducted on permanent teeth in the town of Rijeka 15 at the end of the last decade. Our research was conducted in the Croatian capital, at the Zagreb University Dental Clinic, which, in combination with its surroundings, represents approximately one-quarter of the Croatian population.
Although Glendor 11 states that there is a trend toward reduced gender diff erences in the distribution of trauma, as confi rmed by other studies 16, 17 , our study belongs to the group of studies [18] [19] [20] demonstrating that gender diff erences persist in favor of males (1.5:1). However, in this study, preschool girls showed higher rates of TDI than boys, which is in agreement with Carvalho et al. 21 . Th e reason for this fi nding may be that both boys and girls aged 1-6 are exposed to similar risk factors, and there is no diff erence between the games and sports they play. In contrast, school-aged boys are more prone to risky behavior, a lack of discipline, fi ghting and sports than school-aged girls. Th e fi ndings of our study indicated that injuries occurred most often in children aged 7-12, supporting the fi ndings of other authors 8, 18, 22 . Th e peak of injuries to primary teeth occurs at the age of 2 and at the age of 9 for permanent teeth. Our fi ndings disagree with the studies by Osuji 23 and Eyuboglu et al. 20 , but are consistent with the study by Andreasen et al. 24 . A lack of motor coordination 25, 26 on walking and running is the main reason for TDI in preschool children, whereas in early school-age children, TDIs are most likely due to increased independence at school, playgrounds and sports 4, 27, 28 . In agreement with previous studies [18] [19] [20] 29, 30 , this study showed that TDI commonly involved maxillary incisors. Th is fi nding may be explained by the fact that these teeth may have inadequate lip coverage and frequently protrude 30 . Furthermore, this study showed a statistically signifi cant diff erence between the right and left side in favor of the latter. In the reviewed literature, this fi nding is in agreement only with Caldas and Burgos 31 . Th e most common type of trauma in primary teeth was subluxation. Periodontal tissue injuries in primary dentition occurred 2.8 times more often than hard dental tissue injuries, a result similar to other studies 3, 16, 20, 28, 32 . Th is fi nding can be explained by the periodontal ligament elasticity and alveolar bone resilience 26, 30 . In permanent teeth, enamel-dentin fractures without pulp exposure were the most frequent type of injury, which is similar to other studies 12, 15, [18] [19] [20] 33 , but contrary to a group of studies that found enamel fracture to be the most frequent type of hard dental tissue injury [34] [35] [36] [37] . In this study, there was a statistically signifi cant relationship between age, gender, location, and cause of injury (p<0.05). Consistent with the results of other studies, the most frequent cause of trauma was fall in both genders and in both primary and permanent teeth 17, 20, 30, 38 . Regarding the location of TDIs, this study found that most injuries occurred at home in children aged 1-6 and at school in children aged 7-12, which is similar to previous studies 18, 25, 39 . Th e group of children aged 13-16 sustained TDIs during their free time, in contrast to similar studies 18 . Th is fi nding may be explained by the fact that in our study, all accidents in streets and public playfi elds were recorded as 'free time' injuries, and children of that age spend the majority of their time as free time. Moreover, our city has a defi cit of public playfi elds, and the existing ones have inadequate safety standards.
A few groups of authors 38, [40] [41] [42] have reported that the frequency of TDI increases in warm months in comparison with cold months. Our fi nding that traumas to deciduous teeth occurred in spring and summer months is in agreement with these reports. However, our fi ndings showed the highest frequency of TDI to permanent teeth in autumn, which may be related to the beginning of academic year.
Our results also confi rmed the fi ndings of other studies 43, 44 that the majority of aff ected patients were treated more than 24 hours after accidents. However, the results on the time elapsed between sustaining the injury and receiving dental treatment for primary teeth were higher than in other studies due to incorrect routines by general practitioners in Zagreb. After a trauma, the patient fi rst goes to his general practitioner, who, rather than treating the TDI, refers the patient to the University Dental Clinic. Th is results in an unnecessary waste of time and increases the likelihood of post-traumatic complications. Because of this situation, 42.9% of the patients sought treatment within 24 hours, in comparison to the fi gure of 62.8% reported by Choi et al. 29 .
Th e literature reports a wide range of incidence of oral soft tissue injuries, from 14% 19, 45 to nearly half of all dental traumas 12, 13 . Our fi nding was 45.4%. Th e literature shows that the prevalence of soft tissue injuries in association with injuries to the primary teeth was 45.2% 29 , which is fewer than in our study (55.5%). Th e same information was not found for permanent teeth, whereas the fi nding in the present study was 41.4%.
Patients with combined TDI and oral soft tissue injuries to primary and permanent teeth sought treatment sooner than patients without oral soft tissue injury. Th is fi nding is in agreement with previous reports 16, 18, 29 . Th e more urgent dental treatment is the result of bleeding tendencies and edema caused by soft tissue damage. Furthermore, the disturbing clinical appearance of the child tends to make parents more anxious and motivates earlier dental treatment.
Th e prevalence of soft tissue injuries in studies should be considered with caution because this information may not be noted for children seeking help after two weeks (in this study, 84 patients). Fehrenbach et al. 46 state that mucosa and skin injuries can heal in approximately two weeks.
In conclusion, this study showed that males sustained TDI 1.5 times more often than females. Th e maxillary central incisors were the most aff ected teeth in the primary and permanent dentitions. Th e most common TDI of hard dental and pulp tissue was enamel-dentin fracture without pulp exposure, and the most common type of periodontal tissue injury was subluxation followed by avulsion and intrusion. Regarding the location of dental trauma, this study showed that the main cause was fall. Th ese results are similar to the results of other studies. However, the place of sustaining trauma was related to the age of the child. Th us, TDI tended to occur at home in children younger than 6, at school in those aged 7-12, and in free time in those aged 13-16 years.
Nearly half of all patients had soft tissue injuries together with dental injuries, and these injuries were more likely when a larger number of teeth were traumatized. Because soft tissue injuries include bleeding and clinical presentation appears more dramatic, the time elapsed between the injury and initial treatment was shorter than in non-bleeding injuries. Th is fi nding points to the need of education focused on parents and school teachers regarding the importance of immediate therapy for both bleeding and non-bleeding TDIs. Every unnecessary time delay increases the expense and complications of treatment.
